1. Introduction {#sec1}
===============

Atopic dermatitis (AD) is a chronic inflammatory skin disease affecting a large portion of the population \[[@B1]\]. Due to decreased epidermal barrier function, patients with AD tend to have dry skin and are generally prone to skin infections, which in turn exacerbate the inflammation \[[@B2]\]. Baths not only remove impurities from the skin, but they can also decrease the risks of infection and provide skin hydration; therefore, they can be considered a vital treatment for AD \[[@B3]\].

The mainstays of treatment for AD include topical steroids, emollients, topical calcineurin inhibitors, systemic antihistamines, and systemic immunomodulators \[[@B4]--[@B6]\]. However, the effects of these treatments are limited, and long-term use has been associated with side effects \[[@B5]\]. Researchers have tried to find alternative treatments including bathing in Dead Seawater and spring water. These have been proven to be effective in ameliorating symptoms in patients with AD and other skin diseases \[[@B7], [@B8]\]. According Proksch et al. \[[@B8]\], patients who took baths in Dead Seawater for 15 minutes showed higher water contents in the epidermis, better epidermal barrier function, and decreased skin inflammation compared with the group who took baths in regular tap water. Portales et al. also reported that bathing in spring water from Avene decreased serum inflammatory cytokines \[[@B9]\]. Saline groundwater (SGW) refers to groundwater collected from the coastal aquifers. SGW is rich in minerals, such as Ca and Mg, and is lower in salinity and pH compared with seawater \[[@B10], [@B11]\]. According to a 2014 study conducted by the Korea Institute of Ocean Science and Technology, SGW from Uljin, a town on the eastern coast of South Korea, showed protective effects against 2,4-dinitrochlorobenzene- (DNCB-) induced AD-like skin lesions in the murine model \[[@B12]\]. The aim of this study is to examine the effects of SGW from Uljin in mild-to-moderate AD patients. To the best of our knowledge, this is the first study to evaluate the effects of SGW on AD patients.

2. Materials and Methods {#sec2}
========================

2.1. Study Design and Subjects {#sec2.1}
------------------------------

This pilot study was designed as an uncontrolled before-after study. Volunteers aged between 4 and 40 years with mild to moderate AD participated \[[@B13]\]. Subjects with severe AD or history of treatment with systemic steroid or immunosuppressive agents within the past four weeks, or a history of allergic reaction to high mineral bath were excluded from the study. The study protocol was approved by the ethics committee of the Seoul National University Bundang Hospital (B-1807/478-005). Informed consent was obtained from all participants.

2.2. Saline Groundwater {#sec2.2}
-----------------------

The SGW used in this study is from Uljin, South Korea. SGW from Uljin contained various minerals, including calcium (1770.00 mg/L), magnesium (1010.00 mg/L), potassium (90.465 mg/L), and sodium (90.4 mg/L). After filtering, SGW was concentrated to 50 times for further use.

2.3. Saline Groundwater Solution Bath {#sec2.3}
-------------------------------------

Participants were instructed to take a 20 minute bath in SGW solution once a day for two weeks. SGW solution was prepared by diluting 1L of 50-fold SGW in 100 L of warm tap water in the bath tub, resulting in half the original concentration. Participants were provided with a 20 L bucket to aid in making the dilutions ([Figure 1](#fig1){ref-type="fig"}). Participants were instructed to maintain their skincare routine during the trial, i.e., if they usually used cleansers, they were asked to keep using them before baths, and if they did not normally use them, they were asked to go straight into the bathtub. After the bath, they were instructed to gently wipe their body with a dry towel and apply moisturizers as usual. Introducing new topical agents was not allowed during the trial.

2.4. Measurement {#sec2.4}
----------------

Participants were scheduled to visit at baseline and at week 2. The following measurements were carried out at each visit: SCORing Atopic Dermatitis (SCORAD) index; visual analogue scale (VAS) for pruritus; corneometry (CorneometerVR CM825, Courage & Khazaka, Germany); and transepidermal water loss (TEWL, Tewameter, Courage and Khazaka, Germany). The SCORAD index is a standardized assessment tool for the severity of AD \[[@B14]\]. For evaluation of pruritus, participants were asked to rate their itchiness on a visual analogue scale (VAS). Corneometry measures the hydration level of stratum corneum, while TEWL assesses the stratum corneum barrier function. Both corneometry and TEWL were measured at the antecubital fossa of the left arm.

2.5. Statistical Analysis {#sec2.5}
-------------------------

All statistical analyses were performed using GraphPad Prism 8.1.0 (GraphPad Software, Inc., CA).

3. Results {#sec3}
==========

A total of 24 participants were initially enrolled, of which, 23 completed the study. Participants\' age ranged between 4 and 37, with an average of 13.2 years. The SCORAD index score significantly decreased from 36.3 ± 10.80 to 20.73 ± 12.41 after the treatment; there was a significant improvement in the severity of AD (*P* \< 0.0001, [Figure 2(a)](#fig2){ref-type="fig"}). Skin hydration significantly increased compared with the baseline (24.72 ± 16.47 at baseline; 42.67 ± 7.66 at week 2, *P* \< 0.0001, [Figure 2(b)](#fig2){ref-type="fig"}), and TEWL significantly decreased after treatment (18.80 ± 8.21 at baseline; 11.35 ± 4.33 at week 2, *P* = 0.0012, [Figure 2(c)](#fig2){ref-type="fig"}). The increase in skin hydration and decrease in TEWL suggest that the epidermal barrier function may have improved. Participants reported a significant decrease of pruritus. The average VAS for pruritus was 5.65 ± 2.29 at baseline, which was decreased to 2.57 ± 2.06 at week 2 (*P* \< 0.0001, [Figure 2(d)](#fig2){ref-type="fig"}). As for safety, one patient dropped out due to exacerbation of existing lesions. No serious adverse events were reported throughout the study period.

4. Discussion {#sec4}
=============

AD is a chronic inflammatory skin disease affecting a large portion of the population. Skin barrier defect is the hallmark of AD \[[@B15]\]. According to the "outside-inside-outside" model for the pathogenesis of AD \[[@B16]\], a skin barrier defect may cause inflammation, allowing allergens and microbials to penetrate into the skin, which further exacerbates both inflammation and the skin barrier defect. Therefore, it is important to consider both inflammation control and skin barrier function restoration when treating AD. Bathing is an important baseline treatment for AD. Various bathing additives have been studied for AD \[[@B17]\]; however, it is difficult to compare the effects of each bathing method because the study design and the evaluation method are not uniform. The use of dilute 0.005% bleach baths has shown efficacy in reducing AD severity; however, when comparing 4-week use of either the bleach bath versus water bath in patients with AD, there was no significant difference in AD severity \[[@B3]\].

According to Kim et al. \[[@B18]\], green tea baths in AD patients have reduced SCORAD from 47.05 ± 7.94 at baseline to 23.4 ± 3.83 at week 4 with reduction of 50.3%. However, only four patients were enrolled in the study and the results did not show statistical significance.

Thalassotherapy, a therapy using seawater, has been developed since the mid-19^th^ century \[[@B19]\]. Dead Seawater was shown to be effective in alleviating symptoms of psoriasis and AD, with or without solar irradiation \[[@B8], [@B20]\]. It improves skin barrier function through high concentrations of magnesium and calcium ions, influencing epidermal proliferation and differentiation \[[@B21], [@B22]\]. Magnesium ions in the SGW are also known to have anti-inflammatory effect, inhibiting contact dermatitis, and antigen-presenting ability to the Langerhans cells \[[@B23], [@B24]\]. An *in vivo* study conducted by Bak et al. showed that topical application of deep seawater significantly reduced T helper (Th) 2 cytokines, serum IgE levels, and clinical severity indexes of AD-like skin lesions in mice, showing anti-inflammatory effects of deep seawater \[[@B25]\]. Seawater, other than deep seawater, is also shown to alleviate AD in mouse models \[[@B12]\]. SGW has the following advantages over seawater. SGW has higher calcium concentration and lower pH than seawater, which together may provide greater benefit to the restoration of skin barrier function. Moreover, due to natural filtration through the sediment, it has lower microbial contamination than seawater, which makes it easier to prepare as a bath product \[[@B10], [@B11]\]. SGW baths are shown to have better therapeutic effects than seawater in a murine model of AD \[[@B12]\]. In the AD mouse model, bathing in SGW from Uljin demonstrated anti-inflammatory and antioxidative effects, in a concentration-dependent manner \[[@B11]\]. SGW decreased total serum IgE, T helper 2 cytokine levels, and clinical severity of eczema. It is also shown to restore cutaneous glutathione level and decrease superoxide anion in the skin, acting as an antioxidant \[[@B11]\]. SGW is also abundant and relatively cheap.

In our study, the use of SGW baths significantly reduced the severity and pruritus of AD. It also improved epidermal barrier function, which was confirmed by increased stratum corneum water content and reduced TEWL. Patients tolerated the SGW baths well. Although this is only an uncontrolled pilot study, it is meaningful that it demonstrated the potential of SGW bath as a safe and cheap alternative therapy for AD.

5. Conclusions {#sec5}
==============

Here, we showed that baths using diluted SGW improved the clinical severity and symptoms of AD with statistical significance. The water content in the epidermis increased, while TEWL decreased, indicating improved epidermal barrier function. Participants tolerated SGW baths well without any side effects. This result shows the potential of SGW baths as a safe and cheap alternative therapy for AD.

The saline groundwater used in this study was prepared by Aribio Co. Ltd.
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![Fifty-fold concentrated SGW in 1 L bottles and a 20 L-sized bucket provided to the participants for dilution.](ECAM2020-8303716.001){#fig1}

![The mean SCORAD index score, corneometry, TEWL, and VAS for pruritus of atopic dermatitis patients treated with SGW bath. (a) SCORAD index score decreased after SGW bath treatment. The average SCORAD index score decreased from 36.6 ± 10.80 to 20.73 ± 12.41 at week 2. (b) Skin hydration increased from 24.72 ± 16.47 to 42.67 ± 7.66. (c) TEWL was reduced from 18.80 ± 8.21 to 11.35 ± 4.33 after treatment. (d) Pruritus improved after treatment. ^*∗∗∗*^*P* \< 0.005 (SCORAD, SCORing of Atopic Dermatitis; TEWL, transepidermal water loss; SGW, saline groundwater).](ECAM2020-8303716.002){#fig2}
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